The present study investigated the lipid content and FA profiles of total lipids, phospholipids (PL) and triacylglycerols (TAG) of Mastacembelus mastacembelus from the Atatürk Dam Lake (Turkey). The results showed that the total lipid content of the dorsal muscle varied seasonally from 0.50% to 3.59%. Wide ranges of saturated fatty acids (SFAs) (36.21 to 50.52%) and polyunsaturated fatty acids (PUFAs) (25.22 to 42.02%) were found in the PL fraction. However, higher monounsaturated fatty acids (MUFAs) (37.63 to 45.07%) and SFA (34.71 to 38.82%) were found in TAG (triacylglycerol). The ratios of ω-3 to ω-6 PUFA ranged from 0.65 to 1.32 and 1.07 to 3.48 in PL (phospholipid) and TAG fraction, respectively.
INTRODUCTION
Fish is well known for its nutritional value with essential fatty acids and its consumption is everincreasing. In particular, the ω-3 FAs eicosapentaenoic acid (EPA, C20:5 ω-3) and DHA show several properties which are beneficial to human health. ω-3 FAs in fish oil have extremely beneficial and therapeutic properties for the prevention of coronary artery disease, rheumatoid arthritis, breast and colon cancer, diabetes, Alzheimer's disease, asthma, and disorders of the immune system (Sidhu, 2003) . It has been proven that the consumption of fish plays a role in reducing the risk of these diseases. These findings have constituted a new market for fish oil as a food and dietary supplement to decrease the risk of attack by various illnesses. Differences in the FAs of fish not only depend on the species but also reflect the size, age, natural diet, water temperature and other environmental conditions. Spawning cycle and nutrition habits are the main factors responsible for the differences (Shirai et al., 2002) .
In fish, lipids are important biochemical components which perform energy and structural functions. The lipid constituent of muscle is largely represented as the composition of total lipid content. In order to understand changes in this component it is important to study the proportional contribution of the major lipid classes, phospholipids and triacylglycerols. TAG serve mainly as a depot for fatty acids catabolized in the energy metabolism whereas PL serve as constituents of cell membranes and structures. Therefore, it is necessary to determine the FA profile of PL and TAG.
The freshwater sources of Iran and Syria were reported as the main living areas of M. mastacembelus in the first registration studies in the literature. M. mastacembelus is consumed as a food fish and is an important source of revenue for commercial fisheries in the region. M. mastacembelus is well known by local fishermen and is caught for selling, Data on the FA profiles of M. mastacembelus are limited. With only a few studies having been carried out on the FA profiles of this species (Harlıoğlu and Yılmaz, 2010; Olgunoğlu, 2011; Taşbozan et al., 2013) . There is no seasonal comparison in previous studies. Besides, there has been no study on the effects of seasonal variation in the FA profiles of PL and TAG from M. mastacembelus.
In the current study, it is intended to examine the seasonal variations the FA profile of total lipids, PL and TAG in the muscles of female M. mastacembelus from the Atatürk Dam Lake (Turkey). The muscle samples for analysis were obtained from the fish body above the lateral line. Fish gender was specified by their gonads. Three female fish samples' mean length varied between 35.5 (in May) and 59.5 (in September) cm, with weights between 120 and 376 g. The total lipid contents varied between 0.50 and 3.59, with a typical lean-species lipid composition (Table 1) . Samples were kept at -30 o C in a freezer until they were used. Samples (5 g) were taken with an admixture of chloroform-methanol (2:1) using a standard method (Folch et al., 1957 ). The residual chloroform was then removed by N 2 . TAG and PL were separated into Camag twin trough chambers (20 × 20 cm) previously saturated for 20 min with diethyl ether/petroleum ether/acetic acid (20:80:1; v/v) as the mobile phase. The mixtures of lipids were spotted onto thin layer chromatography plates (TLC, 0.25 mm silica gel 60 F 254 , 20 × 20 cm Merck) using a 500 µL syringe. After chamber saturation the plates were developed to a distance of 16 cm with the development time of 40 min. Subsequent to the development, plates were dried in a drying oven at 60 ºC. Revelation of lipid fractions was carried out with 2',7'-dichlorofluorescein (0.2% w/v in ethanol, obtained from Supelco), and the appropriate bands of TAG and PL fractions were visualized under a CAMAG UV cabinet (254 and 366 nm). After scraping, the TAG and PL fractions were transmethylated using acidified methanol. It was refluxed for a 2 h at 85 ºC.
MATERIALS AND METHODS
Esterified samples were analyzed using a gas chromatograph (Hewlett Packard Inc, Wilmington, DE, USA) equipped with a BPX70 capillary column fused silica capillary column (70% cyanopropyl 30% dimethyl polysilphenylene-siloxane bonded phase, 30 m × 0.32 mm (i.d.) × 0.250 μm film thickness) and a flame-ionization detector.
Statistical analyses of data were conducted using SPSS statistics software (version 16.0) for Windows. Table 1 indicates the lipid contents of M. mastacembelus. The total lipid contents of tissue changed seasonally from 0.50% to 3.59%. The highest lipid content of the muscle tissue was found in May (before spawning season) and the lowest content was found in September (after spawning season). In the present study, the lipid content of muscle tissue changed according to season.
RESULTS

Fat analysis
Fatty acid profile of TAG fraction
Significant differences in the composition of some FAs were found in M. mastacembelus (Table 2) . Table 2 shows that among the SFAs detected, C16:0 is present in the highest amount.
In females, the highest ΣSFA amounts were found in July (during the spawning season, 38.82%) and September (after the spawning season, 36.86%), respectively. C16:0 content varied between 24.66% (in September) and 29.24% (in July, during the spawning season). Other predominant SFAs were C14:0 (2.65-4.58%) and C18:0 (3.40-5.62%) in all seasons.
Monoenes were also high in M. mastacembelus, ranging from 37.63% (in September, after the spawning season) to 45.07% (in July, during the spawning season). The important MUFAs detected include C16:1 ω-7, C18:1 ω-9, eicosenoic acid (C20:1 ω-9). Among these MUFAs, C18:1 ω-9 is present in the highest amount. Its highest amount was found in July (during the spawning season, 35.20%). The lowest level was found in September (after the spawning season, 24.43%). C16:1 ω-7 was the second most ample MUFA (9.33-11.72%) in the present study. However, the decrease in the proportion of C16:1 ω-7 of M. mastacembelus in July was not statistically significant (p < 0.05).
Among the polyunsaturated ω-3 and ω-6 FAs C18:2 ω-6, linolenic acid (ALA, C18:3 ω-3), eicosadienoic acid (C20:2 ω-6), eicosatrienoic acid (C20:3 ω-6), AA, EPA, C22:5 ω-3, and DHA are worth mentioning. Throughout the year, PUFAs accounted for 15.94-25.18% of the TAG FA profile. Total PUFA was considerably higher in autumn than in summer. DHA was the predominant PUFA for all seasons. DHA in the muscle tissue of M. mastacembelus was determined to be 5.21%, 5.48%, 6.76% and 9.46% in January, July, May and September, respectively. With regards to PUFA, the levels of total ω-3 ones were lower than those of ω-6 ones.
However, long carbon chain PUFAs like C20:2 ω-6, C20:3 ω-6 were found negligible in M. mastacembelus.
It was detected that the relative proportions of PUFA, ω-3 and ω-6 FAs were reduced to a minimum in July (8.25%) and September (5.61%), respectively. It was found that the ω-3 FA level increased in September (19.57%). The highest ω-3/ ω-6 ratios of TAGs were recorded in September (3.48).
Fatty acid profile of PL fraction
The percentage compositions of the various FAs in the M. mastacembelusis given in Tables 3.
The results also show that the percentage of FAs differed amongst seasons in female fish species, varying from 36.21% to 50.52% SFAs; 17.89% to 24.11% MUFAs, and 25.22% to 42.02% PUFAs. Among those studied, C16:0 was a major SFA while C18:0 was the other major constituent. Unsaturated monoenoic FAs e.g. C18:1 ω-9 and C16:1 ω-7, were the major constituents and dienoic and trienoic FAs were also found. In addition, medicinally important PUFAs like C20:5 ω-3 and C22:6 ω-3 were also identifed. In PL, saturates showed a slight increase with temperature. The maximum SFA contents of PLs in M. mastacembelus were found in the summer (during the spawning season, 50.52%), and the lowest in the winter (36.21%) ( Table 3) . SFA showed a significant difference regarding the season (p < 0.05).
The major FA among the SFA group was C16:0 (27.36-36.19%). The highest concentrations of SFA were C16:0 in July (during the spawning season, 36.19%), and C18:0 in September (after spawning season, 10.17%). The level of C18:0 was notably lower in January than in September.
The MUFA content of female M. mastacembelus showed higher levels in July (24.11%) compared to the other seasons. Of these, C18:1 ω-9 was the main MUFA, ranging from 15.42% to 20.9% in all seasons, and being observed at the highest value in July. C16:1 ω-7 was the FA present at the second highest level (2.34-3.01%).
The total PUFA content of PL showed high levels in the winter (42.02%) compared to the other seasons. This content indicated lower levels in July (during the spawning season). The main FAs of ω-3 PUFA in M. mastacembelus were DHA and C22:5 ω-3. The DHA content of female fish in the summer (in July, 5.78%) was lower than in the other seasons, while EPA (1.54-2.42%) did not show a significant difference with season (p < 0.05). DHA increased the PUFA content. Statistically, the AA percentages of PL taken from the M. Mastacembelus varied from 7.76% (in July) to 13.84% (in September). C18:2 ω-6 percentages in July and January were high in PUFA. Compared to the total ω-6 PUFA of 20.47% (with the exception of July) the amount of ω-3 PUFAs was higher and accounted for 21.55% of the PL of M. mastacembelus in all seasons. The rate of ω-3 to ω-6 PUFA decreased considerably in the reproduction period (in July). ω-3/ω-6 ratios of PL fractions were found to be 0.65 (July, during the spawning season)-1.32 (May, before the spawning season).
Fatty acid profile of total lipids
A detailed FA profile of the sum of the lipids and the ratios of ω-3 to ω-6 is presented in Table 4 , which is based on the GC chromatogram obtained from the GC analysis.
The highest ΣSFA amounts were found in September after the reproduction period (44.77%), and the lowest ΣSFA were found in July (33.56%, during the spawning season). In the case of SFA, C16:0 represented the most abundant FA in M. mastacembelus. C18:0, although in a much lesser proportion than C16:0, made another important contribution to the SFA. The highest C18:0 percentage was found in September (after the spawning season). Odd carbon chain FAs C13:0, C15:0 and C17:0 were also present in small quantities.
The rate of MUFA in the FA compound was reduced to a minimum level in September (after the spawning season, 21.64%). C18:1 ω-9 represented the most ample individual MUFA in M. mastacembelus. C18:1 ω-9 in the muscle tissue of M. masatcembelus was found to be 16.38%, 24.39%, 24.70%, and 26.60% in September, May, January, and July, respectively. In September, the concentration of C16:1 ω-7 decreased to its lowest value (4.91%), while this acid did not present a considerable variation from other months (8.61-10.07%).
The seasonal variation of the PUFAs in the female muscles ranged from 23.71% to 32.99%. The proportions of PUFA, ω-3 and ω-6 FAs was reduced to a minimum just before the spawning season in May, and rose after that. AA, C22:5 ω-3, C18:2 ω-6 and DHA were the dominant PUFAs. The levels of EPA varied between 1.53% (in May) and 2.03% (in September) and that of DHA, between 7.44% (in January) and 10.91% (in July). In the current study, the AA percentages rose in the autumn (after the spawning season, 11.46%), while the EPA was reduced before spawning season (in May). In January, the concentration of this acid was reduced to its lowest value (7.44%). The DHA amounts were higher than EPA amounts in all seasons. The ω-3/ ω-6 ratio varied between 1.34 and 2.23 in the muscle tissue of M. mastacembelus.
DISCUSSION
Fat analysis
The lipid and FA compositions of fish can differ depending on seasonal changes, along with food, age, sex and spawning period (Christiansen et al., 1989) . The latest studies have reported that lipid composition was affected by seasonal variations (Kayhan et al., 2015; Kaçar et al., 2016) . In the same fish species, the total lipid contents of the gonad and liver changed from 1.32 to 4.90% and from 1.32 to 3.94%, respectively (Kaçar and Başhan, 2016) .
Lipid contents change during the reproduction and nutrition periods in fish. In the reproduction period, the lipids are set in motion from the liver and muscles to the gonads for the improvement of gonads (Castell et al., 1972) . This study determined that the amount of total lipids in fish decreased during the reproduction season (in July) and that the amount reached its maximum level during the nutrition season (in May). The reduction of lipid contents in the spawning period with the increase in the reproduction function verified the opinion that the stored lipids were consumed (Vlaming et al., 1978) and the nutrition period was in spring. Therefore, there were significant differences due to seasonal factors influencing total muscle lipid contents.
Fatty acid profile of total lipids
Our findings are also in close agreement with those reported by Haliloğlu et al., (2004) , Akpınar et al., (2009) and Cengiz et al., (2012) for other freshwater fish.
In our research, the SFAs were detected to be in higher quantities than in the MUFAs and PUFAs in May and September. However, in another study on M. mastacembelus, it was found that total PUFA were the highest (37.1%) in the Keban Dam Lake, and that this was followed by MUFA (35.5%) and SFA (27.4%) (Harlıoğlu and Yılmaz, 2010) . C16:0 was the primary SFA. Similar results for M. mastacembelus in the Atatürk Dam Lake (Olgunoğlu, 2011; Taşbozan et al., 2013) have also been reported in the literature. C18:1 ω-9 was determined as the main MUFA in M. mastacembelus for all seasons. In the present study, C18:1 ω-9 remained relatively stable in all seasons (with the exception of September, 16.38%). Olgunoğlu (2011) and Taşbozan et al., (2013) found the same results for M. Mastacembelus caught from the Atatürk Dam Lake.
In the present study, the majority of PUFAs in fish oils ranged from C18 to C22 in chain length and were of the ω-3 type. In September, a high ratio of AA raised the ω-6 PUFA content. M. mastacembelus muscle was rich in DHA. This finding agrees with results from M. mastacembelus in the Atatürk Dam Lake (Olgunoğlu 2011; Taşbozan et al., 2013) . DHA is more abundant in fish from cold region (Ackman, 1967) . However, in this study, M. mastacembelus demonstrated a low grade of total ω-6 PUFA, but a high grade of total ω-3 PUFA.
C18:2 ω-6 and AA were the predominant ω-6 PUFA. This is confirmed by the results of Łuczyńska et al., (2008) and Ugoala et al., (2008) . It may be seen that the DHA was the main PUFA in the female M. mastacembelus muscle tissue and had the maximum percentage in July (during the spawning season, 10.91%).
In the current research, it was determined that PUFA and the ω-3 FA level were reduced in the spring (before the reproduction period). A high level of ω-6 PUFA lowered the ω-3/ω-6 ratio in September and January.
The monitored decrease in PUFA and ω-3 FA is possibly due to their use for reproduction. The low proportion of ω-3/ω-6 PUFA increases the pathogens of numerous diseases such as cardiovascular diseases and inflammations. Enzyme activity and chain prolongation which enable de-saturation reduces ω-3 PUFAs and increases ω-6 PUFAs in freshwater fish. This is the reason behind the low proportion of ω-3/ω-6 in freshwater fish. The amount of this ratio ranged from 1.34 to 2.23. It has been thought that a rate of 1/1 to 1/5 would contribute to a healthy human diet.
Fatty acid profile of PL fraction
In the PL fraction, C16:0 was the predominant SFA in all seasons in the present study. This FA has been notified in many studies as the primary SFA in freshwater fish (Akpınar et al., 2009; Aras et al., 2003) . The reasons for high C16:0 rates of PLs in May, July and September could be related to water temperature and reproduction activity. In the muscles of the female, the rate of SFA in the FA composition increased to a maximum grade in July (the reproduction period). In this term, water temperature considerably increases.
C18:1 ω-9 was the most ample of the monoenes in all seasons. Our findings concerning the C18:1 ω-9 FA are almost comparable to the concentration reported by Haliloğlu et al., (2004) and Cengiz et al., (2012) for the same FA in the muscle of freshwater fish. A low level of C16:1 ω-7 lowered the MUFA contents of M. mastacembelus.
AA was high in all seasons in the PL fractions. AA is a primer for prostaglandin and thromboxane, which affect blood clot formation and its adherence to the endothelial tissue during wound healing (Sargent et al., 2002) . Furthermore, AA shows a significant role in growth. The high grade of PUFA, particularly C20:4 ω-6, is most likely seen in fish as a consequence of lower oxygen solubility in warmer waters.
DHA is a main constituent of the brain, the retina, and heart muscles and plays an important role in brain and eye development (Ward and Singh, 2005) . In this study, DHA was high in all seasons except for the summer season. PUFAs, like DHA, would seem to be good candidates for providing steady fluidity at the related body temperature because of their low melting points. Reduction in DHA concentrations in lipids would accordingly be expected in warmer waters like the Ataturk Dam Lake.
The melting temperatures of EPA are lower than those of AA. Therefore, the EPA contents of fish in cold regions are higher than those of fish in warm regions (Çelik et al., 2005) .
The total PUFA level decreased in the spawning period (in July). This indicates that the PUFAs could be used in the reproduction period. The reason is that FAs are not only the main source of metabolic energy in fish for growth, but they are also the main source of metabolic energy for reproduction (Tocher, 2003) . The highest total PUFA quantities of PLs were detected in the winter (in January). Total PLs from fish muscle tissues are characteristically rich in PUFA (Bayır et al., 2010; Gunstone et al., 1978) ; however, in our research, the most ample fraction of PLs was SFA (with the exception of January), not PUFA, because of the high 16:0 ratio in SFA.
Fatty acid profile of TAG fraction
In the TAG fraction, C16:0 was the major SFA in all months. In this research, no significant difference could be determined in total SFA with respect to reproduction period or season.
C16:1 ω-7 and C18:1 ω-9 predominated over the MUFA fraction in M. mastacembelus, and this is similar to other freshwater fish from other sites (Ackman, 1967; Osman et al., 2001) . Since diet is the major factor affecting tissue FA composition in fish, high MUFA rates in May (before the spawning season) and July (during the spawning season) are probably related to increased feeding activity. C18:1 ω-9 was accumulated in TAG, which is consistent with its potential role as a source of metabolic energy.
C18:2 ω-6 is a major FA in total and TAGs of fish (Almeida and Franco, 2007) . In September, a low level of C18:2 ω-6 reduced the PUFA content in this fish.
In winter, low levels of DHA and EPA reduced the PUFA content. The reason for the results found is probably the feeding habits of the fish. The percentages of PUFA like EPA and DHA in fish muscle are related to diet (Arts et al., 2001) .
In other studies, it was found that the ω-3/ω-6 rates of PLs were generally higher than TAGs (Kayhan et al., 2015; Cengizet al., 2012) . However, in this study, the ω-3/ω-6 rates of PLs (0.65-1.32) were lower compared to those of ).
According to Wills and Hopkirk (1976) , the MUFA levels were the highest group and PUFAs were the lowest group in the TAG fraction, which can be a possible consequence of the accumulation of depot lipids in the form of MUFA and SFAs. This conforms with other studies where it has been indicated that monoenes are used as the preferred substrate for catabolism (Henderson and Tocher, 1987) . Total PLs from fish muscle tissue is typically rich in PUFA (Gunstone et al., 1978) ; however, in this research, the most ample fraction of PLs was SFA, not PUFA, because of the high 16:0 ratio in SFA (except in winter). This may be due to the high water temperature of the dam lake. Henderson and Tocher (1987) reported that fish TAGs include high levels of C18:1 ω-9 and C16:1 ω-7. In this study, in TAG fraction MUFAs were higher than the PL fraction in all seasons.
The lipid fractions showed that the PL were formed of very high levels of PUFA, particularly DHA and AA, and their composition appeared to be better regulated than the composition of TAG. The results also indicate that DHA may have been transferred from TAG to PL.
CONCLUSION
ω-3 PUFA was dominated by the DHA of FA composition of total lipids, PL and TAG. The dominant ω -6 is of the AA in the PL fractions in all seasons. The total lipid contents varied seasonally from 0.50% to 3.59%. These results indicate that the FA profiles were different according to season and that the M. mastacembelus is a potential dietary source of FAs from the nutritional standpoint.
